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(71) Wcj Washington State Univer- 
sity Research Foundatiok, a non-profit 
lagency of the State of Washington, United 
States of America, of Room 436> French 

5 Adxninistraliion Building, Waahingfton State 
University;, Pulhnan, Washmg 99163, United 
States of Americaj do hereby dfeclare the in- 
vention, for which we pray that a patent may 
be granted to us, and the metlhod by wlhitih 

10 it is to ha performed, to be parerauilariy de- 
scribed in and by the following statement: — 
The mvention set oitt herein relates to non- 
destructive testing of wood for the purpose 
of developing information useful in selectmg 

15 or allocating lumber and! other wood materials 
to theirbCTtg^gses. The imrm "non-destnic- 
ti^i^e^tg^ IS of relatively recent origin in 
the wood 'industry, aMioug'h non-d'^ruocive 
testing techniques have been used in oiiier in- 

20 dustries for various purposes. The specific 
field of applicairion therein relates to non- 
destructive testing of woo djto tagrive at mimerl- 
cal values for me diam'^ ^o^rdfes "^f^Ppar- 
ticula r specimen. Sudr^opSrtfes-4ia=vg^e- 

25 wiSybeen available only rtlhrough destnactive 
itests^ which of necessity rendered die tested 
spedimen useless. By use of the invention set 
out therein, an actual specimen can be tested 
and evaluated prior to use of tihe specimen 

30 for structural or other purposes, thus ensinring 
efficient use of materials. Further, such testing 
can also be utilized in providlmg an evaluation 
of a specimen in ortiar to guide the user in 
making the most advantageouis application of 

35 the actual medhamcal propertiies of an indi- 
vidual specimen. Such individual evalation of 
specimens is particularly desirable in the cass 
of wood members, because of the 'inherent 
variability of wood as a material. 

40 The basic purpose of evaluation of indivi- 
dual wood specimens ds to place these pieces 
'in <:oJip^Mri^&=^teSd^. These grade 
categories 'permat marfcecing of discreet pro- 
'^sed' on the physical 

45 and^ifiec5ani^"^pJoprties of die pieces ifeiling 
in the groups. The mechanical properties 
associated- with a grade are often values close 
to :the minimum demonstrated by any piece 
to cbcain tlhc optimum 



efficiency in the grade fthe mechanical proper- 50 
ties of individual pieces must be acctnately 
assessed to reduce variability within the giade 
to a ininimturai. The inherenc accuracy of the 
inveni'ion herein described makes passible im- 
proved grading effidracy in several important 55 
specific areas of the forest pix>ducts iiSitrstry. 

The non-destruotive testing of wood involves 
a number of different testimg mediods which 
fall into tvvo general divisions: (1) Those 
which delect anomalies in nlhe wood structure 60 
of a specimen, and (2) those which correlate 
non-destniotively measunable quani!ities with 
meohanicai properties 'that would otherwise 
require some penuanent damage or change for 
direot measunement (and quantimive evalua- 65 
tion of mechanical properties. Suc^h measure- 
ments can be accomplished by the present 
method along a selected lenglh of a specimen 
whidi might be only a fraction of ftlhe total 
specimen or might be ailang -the Ml len^ 70 
thereof. 

To summarize the prior ait, grading of 
wood m.ateria!s h generally accomplished to- 
day by visual ingiectlion, the rdiaMty of such 
g^-ading tdng influenced by the ^-11 and 75 
experience Of the individual inspector. The 
few prodlictlion mechanical grading devices in 
use today are inherently limited' in applicaidon 
to specific miaiterials (sudh as Imnber) having 
definite physical •i>equ'iiiem'ents (ssuch as con- 80 
"Stant cross section). Such devices cannoit detect 
small local aireas of low strengith with accirracy. 
They cannot 'thereifore produce highest effi- 
ciency in produot uicilization where grilling 
systems 'specify tallowable design values for 85 
propertaes, such as moduhis of Hiipture in 
tension, which aie slignificantly influenced by 
such local discontinuities. 

The need for greater accuracy in grading 
of lumber is reflected by iche recent lowering 90 
of allowable design values for modulus of rup- 
ture 'in tei^ion for lumber. Visual grading 
techniques have been founi to be incapable 
of .the accuracy required by previously accepted 
values. 95 

Additionadly, present non-desittrumve pro- 
duction testing devices are lim'iit?ed in applica- 
tion to produces 'that can be bent or mechanic- 
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ally vibrated. Flexibility and constant rea- 
angular dimensiions are necessary. Grading of 
logs, poles and- other irregular large products 
is linited to visual inspection and measin^- 

5 ment. No effective non-<iestructive grading 
process 'is available to directly relate log 
quality to wood utilization and resulting lum- 
ber quality. 

Tbt present invention seeks to provide a 

10 relatively simple method of arriving at numeri- 
cal values for mechanical properdes of solid 
wood specimens regardless of continuity of 
the cross sectional areas of the specimens. It 
is therefore applicable to the grading of beams 

15 and natural wood members such as logs or 
posts, which vary in dimeitsion. It does not 
require elaborate or precise supports. It rc- 
qmres no physical comaa wiiii the specimen 
except for the toparring of a singular moraen- 

20 taiy impact force. It perniits the recording of 
mechanicai properties in a fraction of a 
second. It permits localized measurements of 
modulus of elasticity lead*ing directly to accur- 
ate grading for modulus of rupture in tension. 

25 According to one aspea of ;the invention 
there is provided a non-destructive method of 
grading wood mater'ials wherein mechanical 
properties of a wood specimen sudh as lumber, 
a log, a pole, a beam or a veneer are deter- 

30 mined along a selected length of the specimen 
by means of a longitudinal energy wave pro- 
pagation througlh 'the seleaed length compris- 
ing placing a sensor at each of the two ends of 
the selected lengtii, each sensor being of a type 

35 capable of detecting the passage of an energy 
wave along the specimen, physically impact- 
ing the specimen to set up an energy wave 
widiin the specimen traveling in a longitudinal 
direction along the selected length of iilhe speci- 

40 men between the sensors, measuring the time 
of passage of the energy wave between the 
sensors, and grading eadh specimen according 
to a predetermined relationship for its species 
between the mechanical properties of the speci- 

45 men and tihe measured time of passage of the 
energy wave .through the seleaed length, ^ 

Accordiing to another aspect of the invention 
there is provided a nonHlestructive method 
of grading wood materials, such as lumber, 

50 logs, poles, beams, or veneers according to 
medhanical properties of wood specimens 
wherein said ^SS^^ determined along 
a s dected iSe^ jh-^f^^^^iT^iSfn^nrTvf 
]on0t udinal e nergy, ''^^^PrQpa^ation througfh 

55 the -^SE^iiea^jE^fTcomprising locat- 
ing a'"Si5t sensor in proximity to a surface of 
the spedimen at one end of ihe -selected length 
thereof, the sensor being of a non-oontacting 
type responsive to the piezo-electric effect 

60 in wood, locating a second sensor proximity 
to a surface of the specimen at the remaimng 
end of the selected' length thereof, impacting 
one end of the specimen to set up an energy 
wave within the specimen traveling in a longi- 

65 tudlinal direction along the 'selected lengtlh of 



the specimen between the sensors, activating 
a timer responsive to signals ifrom the first 
and second censors and measuring -die time 
of passage of iihe energy wave between the 
sensors, and determining mec hanical prope rties 70 
of the specimen as related "^tc) tne meaStB^^d 
time of passage of the. energy wave through 
the selected length thereof. 

According to a further aspect of die inven- 
tion there is provided a non-destructive metlhocJ 75 
of grading wood materials wterein mechanical 
properties of a wood specimen such as Iimiber, 
a log, a pole, a beam or a veneer are deter- 
mined along selected lengths of the spedmen 
by means of energy wave propagation through 80 
the selected lengths thereof conapr^g placing 
a sensor along the spedmen at individual pwsi- 
tions located a-t each of tiie two opposiite ends 
of each of the selected lengths thereof, each 
seiKor being of a type capable of detecting 85 
tfiie passage of an energy wave aJoi^ itbe speci- 
men, physically impacting one longitudinal end 
of the specimen to set up an energy wave 
within the specimen itravclii^ in a longitudinal 
direction along the selected lengths of the 90 
specimen between the sensors, measuring the 
time of passage of the longitudinal energy 
wave betw^een the sensors located at (the ends 
of each selected length of the specimen, and 
grading the specimen accordfing to its dynamic 95 
modulus of elasticity as derived for each se- 
lected length therecrf from t!he fofrmula: 
E~C^p where E is the dynamic modulus of 
elasticity, C is the velocity of wave propaga- 
tion (length of the selected Icngtii divided by lOO 
the time of passage of wave) and p is the 
specimen density, and furcher grading accord- 
ing to a predetermined relationship for its 
species between ultimate strength and said 
modulus of elasticity. ^ 105 

The preselected length may be tiie entire 
specimen or any section thereof. 

Specific embodiments of ±c invention will 
now be described by way of example with 
reference to the accompanying drawings, in 110 
which: 

Figure 1 is a block diagram illustrative of 
the apparatus used according to 'the method 
of tills disclosure; 

Fig. 2 is a somewhat diagrammatic side 115 
elvation of an illustrative apparatus used 
according to the invention; 

Fig. 3 5s a plan view of the apparatus in 
Fig. 2; and 

Fig. 4 is a diagrammatic plan view of a por- 120 
tion of a wooden specimen having a specific 
natural defea, "illustrating the manner in which 
the piesent method can be applied to measure 
the mechanical properties of oihis portion of 
the specimen. 125 

The method described 'herein is concerned 
with a "non-destructive" method of detemtin- 
ing mechanical properties. By "non-destruc- 
tive" is meant tiiat the testing procedure does 
not modify or change the configuration or 130 
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basic properties of the specimen being tested. 
The method can be applied to specimens of 
wood material having any cross sectional shape 
■or length. It is appKcaWe to specimens vaiy- 

5 ing in cross sectional dimension. The wood 
material might be in itjhe form of a natural 
log,^ a pole, boards or sitmctural timber of 
various widths, thickness or length. It also ds 
applicable to TcMvely ilhin membeis such as 

10 strips of veneer. 

The metlhod can be used' to dietcnmine the 
average mecdiamcal pjxjpeaties along the entire 
'spedmen or can be u'sed for tesdng pre- 
selected poidons of a specimen to reveal 

15 mechanical propsndies along sudi portions 
whioh might depart significantly from die 
average of ithe encke specimen. It provides a 
positive basis for accurate medbanlical grading 
of lumber. 

20 Tihe method basically comprises the placing 
of sensors (2 or more) along .the solid specimen 
at opposite ends of the parcion being tested. 
The sp'edimen is -tthen impaoted to set up an 
energy wave traveling between the sensors, 

25 The tim-e of passage cf the energy wave be- 
tween the sensors (At) is measuued!. Tihis time 
is used to arrive at the velocity of «the wave 
between the sensors, ithe velocity and density 
of the matjerial bding usable in deriving the 

30 dynamic modfuliuis of elasticity (Ed) for the 
specimen. The measured tim^e of passage of 
the energy wave and resulting determination 
of dynamic modulus of elascidity lead to de- 
termination of othar meohaiHcal properties. 

35 Comparison of the numerical results of idiis 
met&od land conventional laboratory tcesting of 
the specimens have demonstrated a very high 
corrclaiCion between the results obtained by th- 
present method and the results proven by 

40 laboratory techniques. 

Fig. 1 .shows schemaidcally the general 
arrangement for oarrying out die present 
method. The. solid wood specimen is freely 
supported by a support 10 ihat leaves one 

45 end e of tjhe specimen ei^osed. The exposed 
end e is capable of j^eceiving an impact from 
a hammer 11. The nature of the impact im- 
parted to the specimen can vary without de- 
itractiing from the reliability of the test, and 

30 no particular surface preparation is required 
'for proper impact, A pair of sensors, 16, 17 
are located along a ohosen section of t)he speci- 
men is, each sensor 16, 17 being capable of 
dsDectmg an energy wave ttraveling along the 

55 apedmien s, A timer 18 is operatively con- 
nected to The sensors 16, 17 'in such fashion 
as to measure the time diat elaipses between 
detection of an energy wave at sensor 16 and 
Its subsequent detection ait sensor 17. This 

60 information is then ^supplied to a suitable 
memory circuai: device 20 wihidh can be set to 
compute -the desired mechanical property of 
the specimen s, utilizing other known constats 
aoT the mateml, density measurements, and 

65 the known distance between the sensors 16, 17. 



For iniechanical grading purposes, a suitable 
grade marker or other device is used to visudly 
imprint specimen to show that ihe speci- 
men meets or exceeds pre-selected minimum 
standards relating to the measured mechanical 70 
properties. Such mecihanical marking devices 
are used in variots dnsdallations today and weH 
known in this indmstry. 

If a second ponioin of the specimen s lis also 
to be evaluated, a second pair of sensors 21, 75 
22 are used along the ahosen portion of the 
^ecimen s as shown schemaidcally in Fig. 1. 
These portions may be overlapped as 'iUus- 
trated, or might be independent of one an- 
other. The sensors 21, 22 are shown connected 80 
to a second dmer 23, whi:ch in turn is also 
electrically connected to the memory circuit 
device at 20j which can either average Tfhe 
two readiings or treat them independently to 
produce evaluaidoas of the medianicail proper- 85 
tiies of each portion of oihe -specimen s. Where 
one is concerned only with the average 
meahanicaJ properties for the entiifc specimen 
s, only two censors need be used, each being 
Iccated at the approxlimate ends of the sped- 90 
men. 

Figs. 2 and 3 show somewQuat more speci- 
ficaHy the physical airangemenjc of elements 
that has actually produced acooptable testing 
resuis. The 'specimen s is supported by a post 95 
10 and a longitudinally spaced roller support 
15. AddMonal suppoirts can be utilized as 
necessary, diependmg upon the length and 
naiture of a spcdmcn. A damp or hold down 
device 14 is illustrated as butting the side 100 
of the specimen s opposlite to -that which rests 
on the support 10, 15. It can be used during 
impact to prevent the specimen s from shifting 
lengthwise, but its u^ is not necessary Sn all 
applications of the present method. The par- 105 
ticular nature of supports 10, 15 is not critical 
aiid they might take any suitable form that 
will carry the specimen. 

The sensors 16, 17, 21 and 22 may be of 
any -sui'table type. The sensors detect the pass- HQ 
age soif ahe energy wave and direct a r^nlting 
electric impulse to the timing uniks. Such 
sensors basically fall into two groups, contact- 
ing sensor-s or non-contacting sensors. An ex- 
emple of a oontactmg sensor 'is a conventional 115 
acceleromecer, activated mechanically by the 
shock wave through die specimen s. An ex- 
ample of a non-contajcting sensor is one that 
is sensitive to die electt!ic cfiiarge generated in 
•the wood by -the passage of the energy wave, 120 
this being known as the piezoelectric effect. 
A hooded conductive wire adjacent to the 
wood surface can be used as siudi a detector 
of this charge. This particular propery of 
wood is associated with the strain induced by 125 
the passing energy wave, therefore the passage 
of the energy wave and ithe generation of iftie 
piezoelectric charge lalong the specimen occur 
snnultaneously at a given point adjacent to a 
sensor -drat is capable of detecting the electric 130 



1 r 



1,244,699 



4 

charge. This piezoelectric charge is identical 
to that produced in quartz crystal transducers. 

The use of non-contacting sensors which are 
responsive to vhe piezoelectric effect of wood 

5 enables us to provide a method of testing wood 
specimens with increased speed and great sim- 
plicity of operation. No surface treatment is 
required since no surface contact is necessary. 
By eliminatiing the necessity of contaaing the 

10 ^cimen surfaces, higihly finished specimens 
can be accurately tested without risking dam- 
age to such surfaces and extremely rough lum- 
ber can be tested without further preparation. 
The choice of a t'iming unit is not critical 

15 to the utilization of the present method. It 
must be capable of accurate measurement of 
time in the order of a few microseconds. Such 
accuracy is necessary in order to achieve 
meaningful measurement of the passage of an 

20 energy wave along short secncns of wood speci- 
mens. The velocity ranges for such a wave in 
wood extend from about 10,000 feet per 
second to 25,000 feet per second. The mea- 
surement period along iihe 20 foot specimen 

25 therefore requires approximately 2 milli- 
seconds. 

Fig. 4 illustrates diagrammacically 'two 
natural defects in wood which are known to 
affect the modules of elasticity and other 

30 mechanical properties. We have found that 
these natural defects modify the rate of propa- 
gation of an energy wave passing longlitudin- 
ally along the specimen. The manner in whioh 
the change in -rate is measured with respect 

35 to such defects h also illustrated in Fig. 4. 
For example, at the center of Pig. 4 a knot 
is depicted Khrcugh which the energy wave 
must propagate. In this case, the knot, by 
virtue of its abrupt change in grain orienta- 

40 tion wi'tli respect to the wood on either side, 
represents an impediment to the passage of 
the wave. The sensor 16 and the sensor 17 
monitor the fonvard motion of the wave and 
cause the time interval between the sensors 



to be measured, and thereafter to be con^pared 45 
with other measurements along the lengiih of 
iihe board, . 

Fig. 4 also illustrates cross graSn on taie 
right, a defea, contrasted to straight gsrain on 
the left. The energy wave propagates faster 50 
in a direction parallel to the grain than at an 
angle to the graph. Hence, the measurement 
of the rate of propagation at The two ends of 
the board in Figure 4 Will reveal a difference 
in rate, and thus leveal a difference in basic 55 
properties. 

From vhh description, it can be seen that 
the present meriiod provides a rap^Id: and effec- 
tive means of numerically evaluating the varia- 
tions in m^hflnigl^ngerries relatcdJtt^ sucih 60 
strength r<^ tte^g^n^ iLrai charaaeristics of 
w ooE l ovfervaf'stiort seci!ions of the specimen. 
This can be accompli^-hed by utilizing a suc- 
cession of pairs of sensors along the specunen. 
This is advantageous, since die mechanical 65 
property along a portlion of a structural wood 
member might render that member unfit for 
a particular purpose, although tihc recorded 
average value of 5ie mechanicJl property along 
the total specimen miglht be within an accept- 70 
able numerical range. Table 1 sets out the dme 
of passage for an energy wave along a series 
of sections located on boards tested, and illus- 
trates the vamtion of rhe derived dynamic 
mcdoilus of elasticity in each section. Taking 75 
Board No. 1, 'as an example, the modulus of 
elasticity (E.i) for the 14 sections varies be- 
tween a high of 2.23X10* Ibf/in^ and a low 
value of 1.32 XIO*^ Ibf/in^ It also is to be 
noted that the low value of 'the derived mod-u- 80 
lus of elasticity within each occurs consistently 
with the highest time interval (At). Hence, 
this metlhod provides a means for locating the 
weak portion either for the purpose of pre- 
dicting Oiher properties, such as tensile^ 65 
Strength (later to be described), or for the. pur- 
pose of upgrading by removing said portion. 
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Numeiiical figures for djmamic ancdulus of 
elasticixy set out in Table I are airived at in 
conjuncrion with the present method by fiist 
weligjhing and measuring each specimen to 

5 determine its ^j^ky. Smce the density of 
wod varies from one specimen to anotherj 
it is necessary that thds measureanent be 
accomplished for eadh spedmen for maxiimum 
accuracy. Hie specimen as fthen suitably -sup- 

10 ported and! impaoted to generate an energy 
wave traveling between the sensors located 
along the specimtn. TUie elapsed^ time (At) 
required for travel of rtihe wave between the 
sensors is recorded. This & (then related to 

15 the distance of travel between t!he sensors to 
arrive at tihe velodty of wave propagation 
throimgh diis portion of the specimen. It is 
not necessary to record wave ampHtudb or 
other wave dharacteri sties, ^Ihus no specimen 

20 end condition^ nor speoial suppon design^ are 
required. 

The velocity of wave propagaicion is then 
u!sed to calculate the dynamic modulus of elas- 
ticity iby use of ithe formula: Ei=C% -wihere 
25 Ed lis the dynamic modulus of electricity, C 
is Tile velocity of wave propagation and p is 
the density. 

^ The above formula was derived from con- 
sideration of hypot'heitical prismatic rods of 
30 solid materfials. We found that it can he ap- 
pHed ito wood members with good approxima- 
tion of the basic theory without need for com- 



plex f onnulas involving Poisson ratios, pro- 
vided <that ilhe tiieoretlical relationshi'i^ betfween 
wave length and specimen width are not vio- 35 
lated. 

The capability and ^liability of ithe present 
method ihave been demonstrated with rrapect 
to specimens of commercial lumb^, logs and 
stfips of veneer. Table 2 illustrates the cor- 40 
responding measurement of the dynamic 
modulus of elaisticity (Ed) arrived at according 
to Tihe present method and the static modulus 
of elasticity (Eg) arrived at by conventional 
laboratory tests on the same specimens. Forty 45 
boards representing all structural grades of 
lumber from a producing region wefte used in 
the particular test. The range of E values 
extended^ from 2.65X10° Ibf/m^ to 0.90X10" 
Ibf/in.^ respectively. The correlation coefficient 50 
between the two tests was 0.956 wMdh indi- 
cates that the present metiiod described herein 
is equivalent for aH practical purposes to il^ 
more laborious laboratory me&od. Further- 
morcj it is neadily adaptable to medianical 55 
grading requirements in commercially accept- 
able speeds and quantities. The data of Table 
2 is 'taken Jirom the record of die 40 board 
experiment and lists the 5 highest tand the 5 
lowest values. These reveal the (higji correlation 60 
between this method and the laboratotry 
method^ and have «h& possibiEty of segregat- 
ing the boards into suitable grade categories 
relating to use of structairal Itmf^S^^^'^ 
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Table 2 



Corresponding values of Estatic and E dynamic 
of 40 pieces of 2 x 6 Structural Lumber 



10 



15 



20 



25 



30 



Specimen 
Number 



Estatic X 10" lbf/in2 Edynamic X 10^ Ibf/in^ 



36 
37 
38 
39 
40 



2.61 
2.35 
2.20 
2.25 
2.18 
- etc - 
1.25 
1.23 
1.19 
1.02 
0.95 



Under the present design practices, 40 
boards tested in the above group would be 
assigned a design modulus of elasticity not 
greater than the recognized average value for 
these species. By providing an efficient and 
pracdcal method of accurately measuring 
modulus of elasticity on a production basis, 
the present grading procedure can reliably 
identify more narrow ranges of modulus of 
elasticity in a production run of boatds, iden- 
tifying grade groups both above and below 
the species average. 

Another study was conducted on Hemlock 
structural lumber which had been visually 
graded as "construction". The objective was 
to determine reliable predictions of modulus 

pipmre values in tensioji and to ihere^ 
dfecermine^e grading potential of the present 
method. We found that the locahzed low point 
value of the dynamic modulus of elasticity was 
a more accurate predictor than the average 
modulus of elasucity of the entire specimen. 
A correladon coefBcient of 0.80 was arrived at 
between the low point values of the dynamic 
modulus of elasticity and the destructively de- 
termined tensile strength. When the average 
modulus of elastic! t>' 'is used in determining 
such tensile strength, a coefficient of only 0.69 
is obtained for the same spedments. Examples 
of data for Ei<,w p..[iit, At, Eav<^r:.?e, and tensile 
strength are tabulated in Table 3 for both ex- 
tremes of the values from an experiment in- 
volving 40 piieces of 2X6 construaion lumber. 



2.65 
2.45 
2.25 
2.22 
2.15 



1.33 
1.32 
1.10 
1.02 
0.85 



Table 3, like Table 2, presents data for the 
five highest and five lowest specimens in the 
40 board experiment. The boards are listed in 
descending value of the low point dynamic 
modulus of elasticity. Also listed for each 
board is the time of passage of an energy wave 
over a twelve inch length and laboratory de- 
termination of a verage mod ult^_of elasticity 
and tensile strengm . ::>^DstEirS^lysis of the 
camplet?*Ti5sfllts~~af ilhiis series disclosed the 
improved correlation coefficient of the preced- 
ing paragraph, which results from the deter- 
mination of low point modulus of elasticity 
according to the present method. Again this 
high correlation permits tiie se^gation of 
lumber into grade categories to improve its 
'Utilization in applications in which tension 
stress is important. 

It can also be seen from Table 3 that the 
lime of passage of the energy wave may be 
utilized alone to predict the tensile strength 
without the intermediate step of determining 
the modulus of elasticity. This relationship 
would be useful in cases where greater speed 
of testing is desirable and *hligh accuracy is not 
necessary. Other mediapicaTgro^g^jies can be 
similarly predicted by liis simplification in 
the method. By using consiant sensor sparing 
and a species average density a predfetomiined 
relationship can be developed inathematically 
between the mechanical properties of a speci- 
men and the measured time of passage of the 
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50 



55 



60 



65 
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energy wave through iihe spedmen. This pre- production grading of specmieiis based upon 
deternuned relationship can then be used for the measured 'tlmie alone. 



Table 3 



Corresponding Values of Blow Point, Time Diflferential over a 12' Length (At), E^T^erage and 
Tensile Strength of 40 Pieces of 2 x 6 Structural Lumber 



Specimen 
Nxmiber 


Elow Point 

X 10» lbf/in2 


Microseconds 


EAverage 
X W Ibf/in^ 


Tensile 
Strength 
Ibf/ins 


1 


2.93 


48 


2.63 


8320 


2 


2.84 


50,5 


2.63 


6350 


3 


2.60 


53 


2.65 


6285 


4 


2.59 


53 


2.33 


6590 


5 


2.57 


54 

etc. 


2.60 


5325 


36 


1.59 


60 


1.78 


3815 


37 


1.51 


59 


1.87 


2950 


38 


1.51 


61.5 


1.71 


2825 


39 


1,39 


63 


1.72 


3320 


40 


1.35 


61 


1.87 


3750 



With respect to the lumber tested in arriv- 
ing at the da^ in Table 3^ present practice 
assigns to all lumber of a species in such a 
grade designation only one allowable design 
10 value in tension. Higihcr values exist in 
individual boards within diis grade^ and the 
present method permits accurate designation 
of higher value design values witSi respect to 
such board's. 

15 Thte -success attributable to the present 
metlhod 'in determining modulus of elasticity 
for lumber led to a study of its application to 
veneer. No other practical method of non- 
destanictive testing of veneer for grading by 

20 mechanical properties !has been previously 
known. Even dead-loading to measure deflec- 
tion — a technique frequently practiced on 
lumber — is not feasible with veneer because 
of the over-riding effect of warp whidh is 



commonly present in the latter. In this experi- 25 
pent, strips of veneer were supported and 
impacted as desGrib^ above and subsequently 
tested by labotrious laboratory procedures. Tlie 
corrdadon between tlhe dynamic modulus of 
elastadty arrived at accondling to 4lhe present 30 
micthod and l!he static madulus of elasticity 
aritived at by conventional tension methods was 
found to be 0.955. Examples of data at both 
extremes of an experiment involving 120 
specimens of veneer are set out in Table 4. 35 
The dynamic modulus of elasticity values for 
t!be veneers range between 2.88X10^ lbf/m== 
and 1.25 Xia^ M/in^. Again, the -higli oorre- 
latlion reveals that the method described yields 
information by which veneers may be graded 40 
for mechanicEd properties for improved struc- 
tural products from veneer either in the form 
of plywood or laminated members. 
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Table 4 



10 



15 



Corresponding Values of Etension and Edynamic 


of 120 Strips of Veneers 


Specimen 
Number 


> 

Etension X 10« Ibf/in^ 


Edynamic X 10« Ibf/in* 


1 


2.70 


2,88 


2 


2.83 


2.82 


3 


2.62 


2,76 


4 


2.59 


2.70 


5 


2.49 

etc- 


2.66 


116 


1.38 


1.56 


117 


1.28 


1.56 


118 


1.35 


1.49 


119 


1.21 


1.28 


120 


1.09 


1.25 



In addition to wood materials of regular 
cross seaion such as structural kimber and 
veneer, we have discovered that our method 
set out above is equally applicable to materials 
of irregular cross section. Naturally tapered 
dimensions of logs and poles present no diffi- 
culty in the utilization of this method, since 
the wave front vMch provides the signal for 
the measurement of the time interval is inde- 
pendent of the shape of the member through 
which it passes. Variations in cross section of 
test specimens cannot be handled by any other 
known type of non-destructive wood lesung 
procedures for determining mecthanical pro- 
perties of the specimen. 



We have tested green Douglas fir logs and 
rank each log accoSing to the derived modu- 
lus of elasticity. The logs subsequently were 
cut into stpuctural lumber and each board was 
iihen tested non-destructively by the above 
method and destructively to correlaTe its modu- 
l us of ehsdcit y ami its m^ ulus_Qf_rug rin-e. 
We have toimd that lihe rSEng of logs by 
the present method successively predicted the 
relative quality of the lum'ber from the logs 
based on their average medhanical piroperties. 

Table 5 records log-lumber test results 
which illustrate the ability of log grading by 
the present method to predict general limiber 
quality. 
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Table 5 



General Lumber Grade Prediction through Log Tests 

Log Quality 

Rank (Based on Log Ave. Rupture, 
E dynamic) Number Ibf/iuo Ave. E static x lO^ Ibf/in^ 

2.05 

1.83 

1.65 

1.84 

1.60 

1.33 



1 


4 


10,644 


2 


2 


9,503 


3 


3 


7,706 


4 


1 


7,677 


5 


5 


5,821 


6 


6 


7,163 
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Log grading according uo Ms method can 
be used in conjunction willh logging and mlill- 
ing operations to best (utilize each log being 
direored to a mill. As an example, logs of 
viarying quality can be eiFeotively allocated to 
sucih purposes as .•stmcturai lumber, laminated 
prodhicts sudi as brams and piywoodj and 
pulp and fiber products. This ^adikg^tjfeJogs 
pgpr to utilization can ^ gr^^y^mfVfftx^'i:^ 
efficiency ''df la ftotaf woods processing arrange- 
ment and elfiminate iihe cmrent costly practice 
whereby logs are prcKijessed and irreversibly 
committed to a particular use before know- 
ledge of true quality can be brougiit to bear. 

Grade peercliction an lai log permits a mUl 
to improve yield of higher strengtih structural 
lumber to meet partioikir customer demands. 
At the same time lower screngtih predicted 
logs can 'be cut for non-strurtuial purposes, 
suoh as siding. Pnediotion of veneer strength 
from log ranking is also useful in statistically 
eva:luating dbsign strength of plywood ifbr dif- 
fermg stmcDural or non-^truotural purposes. 

WHAT WE CLAIM IS; — 

1. A non-de:scructive method of grading 
wood materials wlierein mieclhamcal properties 
of a wood specimen such as Irnnbra:, a log, a 
pole, a beam or a veneer are detetmined altmg 
a selected length of the specimen by means of 
a longitudinal energy wave propagation through 
steps^*^^^^^^^ length comprising tJie following 

plaxring a sensor at each of the two end^ of 
ithe selected lengtlh, each sensor being of a type 
capable otf detectling rhe passage of an energy 
wave along tiie specknen; 

plysicaHy inipiaoting the specimen to set up 
an energy wave within the spedmen 'traveling 
iin a longitudinal diirection along the selected 
lengtlh of the specimen between die sensors; 

measurng itiie time of pa;^ge of dihe enert^tr 
wave between the sensors; 

and grading eiaxih specimen acoordling to a 
predbtejmianed relationsihip for its ^pcdies be- 



tween the mechanical properties of tihe speci- 45 
men and: Jthe measured time -of passage of the 
energy wave lihrough the selected lengtii, 

2. A method as dadmed (in claim' 1 furtihetr 
comprising the gtep of pltadng the sensors in 
pairs along a pluraky of successive portions 50 
of ilhe specimen. 

3. A met3iod as clalimed m cliajim 2, furtiier 
comprising tihe step otf determining the modu- 
lus of elasticity by relation of the measured 
time, measured separately for ©adh portion, 55 
the density of iche matetlial of the specimen, 
and ilhe Iragth o^f each portion, and wherein 
areas of relatively low modulus of elasticity 
along the ^edmen lare located and assigned 
values by means of such localized! measure- 60 
ment of enetrgy wave propagatiion. 

4. A method as claimed in any one of iihe 
pneceding claims, wherein aftiie specimen is 
graded <aocordiing to its dynamic modulus of 
elasticity as derived from the fornnila E=Op 65 
M?!here E is -tiie dynamic modulus of elasticity, 

C is tihe vdocity of wave propagation (selected 
lengUi d'ividled by time of paMge of ihe wave), 
and p is the specimen density. 

5. A method las claimed in daim 4, com- 70 
prismg the additional step of tether gradiing 

the specimen aocordiing to a piedetmnined 
relationship for its species between ultimate 
strength and its dynamic modulus of elasticity. 

6. A non-destructive method of grading 75 
wood maiteitials such as lumber, logs, poles, 
beams, oir veneers according to mechanical 
properties of wood ^cimens wlherein said 
proiperties aie deamnined along a seleot»dl 
length of a specimen by means «f longitudinal 80 
energy w^ive propagation tlhiough the selected 
lengtii ftiiereof, compilising tihe following steps: 

locaiiing a first sensor 'in proximity to a 
surfajoe of tihe specimen at one end of the 
selected length thereof, the sensor being of a 85 
non-contacting type iresponsive to 'the piezo- 
electric effect in wood; 

locating a second sensor lin proximity to a 
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surface of the specimen at the remaining end 
of the selected length thereof; 

impacting one end of the specimen to set 
up an energy wave within the <5>ecim€n travel- 
5 ing in a lang^itudinal direction along the 
selected lengtii of the specimen between the 

sensors; . • i r „ 

activating a timer responsive to signals trom 
the first and second sensors and measuring the 

10 time of passage of the energy wave between 
the sensors; and 

detemining mechaniical properues of the 
specimen as related to the measured time of 
passage of the energy wave through the 

15 selected length iheneof. , , ^. , 
7. A non-destruaive method of grading wood 
materials wherein mechanical properties of a 
wood specimen such as lumber, a log, a pole, 
a beam or a veneer are determmed along 

20 selected lengths of rbc: spedimen by ineans^ 
energy wave propagation tfhrough the selcctetl 
lengths thereof comprising the foliowmg 

steps: ^ . * ' J- 

placing a sensor along the ■specimen at indi- 
25 vidua! positions located at each of tiie two 
opposite ends of each of the seleaed lengrfjs 
thereof, eadh sensor befing of a type capable 
of deteaing the passage of an energy wave 
along the specimen; 



physically impacting one longitudinal end 
of the specimen to set up an energy wave 
whhin the specimen -traveling "in a longitudinal 
direaion along the selected lengths of the 
specimen between the sensors; 

measuring the time of passage of the longi- 
tudinal energy wave between the sensors 
located at the ends of each selected length of 
the spedmen; and . 

grading t!he specimen according to its dyna- 
mic modulus of elasticity as derived for each 
selected length thereof from the formula: 
E=C^P Where E is the dynamic modulus of 
elasticity, C 'is the velodty of wave propaga- 
tion (length of the selected length divided by 
the time of passage of wave) and p is the 
specimen density; 

and further grading according to a predettr- 
mincd relationshlip for its species between uln- 
-mate stteng^ and said mcxiulus of elastiaty. 

8. A non-destructive method of gradSmg 
wood materials, substantially as hereinbefoffTe 
described with reference to and as illustrated 

in I'he accompanying <Srawings. ^^^^r 
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